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0 A rotor (10) is divided into 2" rotor elements 
(101, 102, 103, 104) to eliminate n kinds or the 
component (A. B) of the torque ripple of a synchro- 
nous motor. In order to eliminate the first component 
(A) of the torque ripple, the two rotor elements of 
each of 2"-^ rotor element pairs (101, 102; 103. 104) 
are shifted from each other by an angle correspond- 
ing to the half of the wavelength (X) of the first 
component. In order to eliminate the second compo- 
nent (B) the 2"-^ rotor element pairs are divided into 
2'^-2 rotor element gmups. each of which comprises 
the two pairs that are shifted from each other by an 
angle corresponding to the half of the wavelength (7) 
of the second component. The shifting is repeated 
until the n-th torque ripple component is eliminated, 
thus constructing a rotor. 
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TECHNICAL FIELD 

The present invention relates to 3 rotor struc- 
lure of an electric synchronous motor, whicfi is 
capable of cancelling a plurality of lorquo ripple 
components. 



BACKGROUND ART 

A conventional electric synchronous motor in 
which permanent magnets are used to construct a 
rotor thereof employs methods of reducing ripples 
in m output torque therefrom such as using a 
particular shaping of each of the permanent mag- 
nets or axially separating the rotor into a plurality of 
rotor components and arranging these rotor com- 
ponents to occupy one of two positions angularly 
displaced from one another about an axis of the 
rotor. 

Nevertheless, the method of using a particular 
shaping of the permanent magnets is (jnable to 
complptely cancel torque ripples from the output 
torque of the motor. Further, the method of arrang- 
ing a plurality of rotor components of a synchro- 
nous motor at two angularly displaced positions 
tolls to cancel all different torque ripples having 
respective different cycles, except for some spe- 
cific torque ripples. 

DISCLOSURE OF THE INVENTION 

Accordingly, an object of the present invention 
in to provide a rotor structure of an electric syn- 
chronous motor, which is capable of canceling a 
plurality of cyclic torque ripple components from an 
output torque of the motor. 

In view of the above object of the invention the 
present invention provides a structure of a 
permanent-magnet-included rotor for an electric 
synchronous motor generating an output torque 
containing therein "n" kinds of cyclic torque rip- 
ples, the rotor being divided into 2'^ rotor elements 
having an equal longitudinal length respectively 
these rotor elements being grouped into first 
through 2"-'th pairs of rotor elements, and each 
pair of rotor elements including two rotor elements 
circumferentiatly shifted by an angle corresponding 
to a half of a wavelength of a first of the "n" kinds 
of torque ripple components, the 2"'^ pairs of said 
rotor elements being grouped into first through 
2" th rotor sections, each rotor section including 
two said rotor-element pairs arranged to be circum- 
ferentially shifted by an angle corresponding to a 
half of a wavelength of a second of the "n" kinds of 
torque ripple components, and in turn, said rotor 
elements being finally grouped into two groups of 
rotor elements, said two groups being arranged to 



be ctrcumferentially shifted from one another by an 
angle corresponding to a half of a wavelength of 
"n"th of the "n'* kinds of torque ripple components. 

In accordance witli tfie above rotor structure for 
an electric synchronous motor, the arrangement of 
the 2"-^ rotor-element pairs circumferentially shifted 
by an angle corresponding to the half of the first of 
the "n" kinds of torque ripple components contri- 
butes to a cancelling of said first of the "n" kinds 
ro of torque ripple components, and the arrangement 
of the first through 2-'Hh rotor sections further 
contributes to a cancelling of the second of the "n" 
kinds of torque ripple components, and in turn, the 
arrangement of the two groups of rotor elements 
'G finally contributes to a canceling of the "n"th of the 
"n" kinds of torque ripple components. Thus, the 
permanent magnet-included rotor for the synchro^ 
nous motor initially must be manufactured to in- 
clude 2" rotor elements. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a front view of a rotor stnjcture of an 
electric synchronous motor according to the 
present invention; 

Fig. 2 is a schematic graphical view explaining 
an operation of the rotor structure of Fig. 1; and 
Fig. 3 is a schematic graphical view explaining 
an operation of a rotor structure according to 
another embodiment of the present invention. 
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BEST MODE OF CARRYING OUT THE INVEN- 
TION 
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The present invention will become more appar- 
ent from the ensuing description of the embodi- 
ments of the present invention with reference to the 
accompanying drawings. 

Referring to Fig, 1, a rotor 10 for an electric 
40 synchronous motor, having permanent magnets M, 
includes 2^, i.e., four separate rotor elements 101,' 
102, 103 and 104 arranged to be at four stages 
from the left to the right in the longitudinal direction 
of the rotor and having an equal axial length re- 
45 spectively, and capable of exhibiting an equal ex- 
tent of a magnetic field, respectively. The illus- 
trated embodiment of the rotor structure is able to 
cancel two kinds of torque ripple components from 
an output torque, i.e., a torque ripple component A 
50 having a wavelength "X". and a torque ripple com- 
ponent B having a wavelength "7"- 

The rotor elements 101 and 102 at the first and 
second stages form one pair of rotor elements for 
cancelling the torque ripple component A having 
^i- the wavelength X. and the rotor elements 103 and 
^04 at the third and fourth stages form another pair 
of rotor elements also for cancelling the torque 
rtpple component A having the wavelength X. 
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Namely, the rotor eiemont tG2 at the second stage 
is circumferentially shifted from the rotor element 
101 at tfie first stage by a physical angie cor- 
responding to a lialf of the wavelength X, and Uie 
rotor element 104 at the fourth stage is circum- 
ferentially shifted from the rotor element 103 at the 
third stage by the same physical angle as the 
above-mentioned angle. As shown in Fig. 2, the 
torque ripples A1 and B1 appear , in an output 
torque exerted from the rotor 10,and the torque 
npples A2 and B2 appear in the output torque 
Gxerted from tfic rotor. It will bo understood from 
the illustration of Fig. 2 that, smco the lattor torque 
npples A2 and B2 have a disptacement "X/2" with 
respect to the former torque ripples A1 and B1. the 
torque ripple components A1 and A2 cancel one 
another out while the torque ripple components 81 
and 82 having the wavelength 7 are superimposed 
on ono another to generate a different torque ripple 
B12. the wavelength of which is the same as that 
"-y" of the torque ripples B1 and B2. hut the width 
of which is different from the torque ripple 81 or 
B2. 

Further, a like canceling and superimposing of 
the torque ripple components of tfie output torque 
from the rotor 10 occurs with respect to the third 
and fourth slago rotor elements 103 and 104, as 
shown in Fig. 2. Namely, the torque ripple compo- 
nonts A3 and A4 having a displacement "X/2" 
cancel one another out, and the torque ripple com- 
ponents 83 and B4 are superimposed on one an- 
other to generate a different torque npple compo- 
nent B34 having the same wavelength 7 and width 
as those of the above-mentioned torque ripple 
component B12. Accordingly, when the first pair of 
rotor elements 101 and 102 and the second pair of 
rotor elements 103 and 104 are arranged to be 
circumferentially shifted from one another by a 
physical angle corresponding to a half of the 
wavelength 7 of the torque ripple components B12 
and 834, these torque ripple components B1 2 and 
834 can cancel one another out, and consequently, 
two kinds of cyclic torque ripple components A and 
B can be completely removed from the output 
torque of the rotor. 

Referring now to Fig. 3. another case is shown 
wherein three different torque ripple components A 
(the wavelength: X), B (the wavelength: 7), and C 
(the wavelength: 5) contained in an output torque 
exerted from an electric synchronous motor are 
cancelled by a permanent-magnet included rotor 
structure of a synchronous motor according to a 
different embodiment of the present invention. 

In this embodiment, the rotor is constructed by 
2^ equal rotor elements axially arranged side by 
side, in Itie same manner as in the embodiment of 
Fig. 1. 



Similar to tfie embodiment of Fig. 2, the rotor 
of this embodiment has an arrangement such that 
first and second stage rotor elements constitute a 
first pair of rotor elernefUs, tlie third and fourth 
5 stage rotor elements constitute a second pair of 
rotor elements, the fifth and sixth stage rotor ele- 
ments constitute a third pair of rotor elements, and 
the seventh and eighth stage rotor elements con- 
stitute a fourth pair of rotor elements, and that the 
10 two rotor elements of each of the first through 
fourth pair of rotor elements are arranged to be 
circumforontially shifted around tho axis of the rotor 
by a physical angle corresponding to "X/2" so that 
cyclic torquG ripple components A1 and A2, A3 
15 and A4, A5 and A6, and A7 and AS cancel one 
another out. Nevertheless, cyclic torque ripple 
components B12 and Cl2 having the wavelengths 
7 and 5 stilt remain in an output torque exerted by 
tho first pair of rotor elements of the rotor. Also, 
20 cyclic torque ripple components B34 and C34, B56 
and C56. and B78 and C78 having the wavelengths 
7 and respectively, remain in an oiitput torque 
exerted by the second through fourth pairs of rotor 
elements of tho rotor. At this stage, since the first 
26 pair of rotor elements including tfie first and sec- 
ond stage rotor elements and tho second pair of 
rotor elements including the tfiird and fourth stage 
rotor elements are circumferentially shifted around 
the axis of the rotor by a physical angle cor- 
30 responding to a half of the wavelength "7". i-O- 7/2, 
the torque npple components B12 and 834 cancel 
one another out. Similarjy, since the third pair of 
rotor elements including the fifth and sixth stage 
rotor elements and the fourth pair of rotor elements 
35 including the seventh and eighth stage rotor ele- 
ments are circumferentially shifted around tho axis 
of the rotor by the same physical angie as the 
above-mentioned angle "X/2", the torque ripple 
components B56 and B78 having the wavelength X 
40 cancel one another out. When the torque ripple 
component B is canceled, the cyclic torque ripple 
component C, i.e.. the components C1234 and 
C5678 still remain in an output torque exerted by 
the rotor. At this stage, as a first section of rotor 
45 elements of the rotor including the first and second 
pairs of rotor elements, i.e., the first through fourth 
stage rotor elements and a second section of rotor 
elements of the rotor including the third and fourth 
pairs of rotor elements, i.e., fifth through eight 
50 stage rotor elements are circumferentially mutually 
shifted around the axis of the rotor by a physical 
angle corresponding to a half of the wavelength 5, 
ie 6/2, of the torque ripple component C, the 
torque ripple components CI 234 and C5678 cancel 
i>6 one another out. Accordingly, all of the three kinds 
of torque ripples A. B and C appearing in the 
output torque exerted by tho rotor of this embodi- 
ment can be cancelled. 
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Fig. 1 
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Fig. 2 




1 



EP 0 483 372 A1 



Fig. 3 
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